Abstract: Multilevel voltage-fed inverters with space vector pulse width modulation strategy are gained importance in high power high performance industrial drive applications. This paper proposes a new simplified space vector PWM method for a three-level inverter fed induction motor drive. The three-level inverter has a large number of switching states compared to a two-level inverter. In the proposed scheme, three-level space vector PWM inverter is easily implemented as conventional two-level space vector PWM inverter. Therefore, the proposed method can also be applied to multilevel inverters. In this work, a three-level inverter using space vector modulation strategy has been modeled and simulated. Simulation results are presented for various operation conditions using R-L load and motor load to verify the system model.
I. INTRODUCTION
Recently, developments in power electronics and semiconductor technology have lead improvements in power electronic systems. Hence, different circuit configurations namely multilevel inverters have became popular and considerable interest by researcher are given on them [1] [2] . Three-level voltage-fed PWM inverters are recently showing popularity for multi-megawatt industrial drive applications [3] . The main reason for this popularity is that the output voltage waveforms in multilevel inverters can be generated at low switching frequencies with high efficiency and low distortion and large voltage between the series devices is easily shared. Space vector PWM (SVPWM) technique is one of the most popular techniques gained interest recently. This technique results in higher magnitude of fundamental output voltage available as compared to sinusoidal PWM. However, SVPWM algorithm used in three-level inverters is more complex because of large number of inverter switching states.
One of the advantages of multilevel inverters is that the voltage stress on each switching device is reduced. In addition, multilevel waveforms feature have less harmonic content compared to two level waveforms operating at the same switching frequency [4] .
In this paper, modelling and simulation of a multilevel inverter using cascaded inverters with separated DC sources have been performed with R-L and motor load using Simulink/ MATLAB package program. In multilevel inverters, it is easy to reach high voltage levels in high power applications with lower harmonic distortion and switching frequency, which is very difficult to get this performance with conventional two level inverters. Fig.1 shows a schematic drawing of a multilevel inverter using cascaded inverters with separated DC sources. Three-phase output voltage waveforms are generated by various switching combination of the switches in each Hbridge converter. Three levels at the output phase voltage waveforms are generated as +E/2, 0, -E/2 [5] . A three-level inverter is characterized by 3 3 = 27 switching states as indicated in Fig.2 where the space vector diagram for the three-level inverter which is divided into the six sectors (A, B, C, D, E and F) is also shown. There are 24 active states, and three zero states that lie at the center of the hexagon. Each sector has four regions (1,2,3,4) [2] .
II. GENERATION OF SPACE VECTOR PWM SIGNALS FOR THREE-LEVEL CASCADED H-BRIDGES INVERTER
The switching states of the inverter are summarized in Table I , where x represents the output phases, a, b and c [6] [7] . 
where V 1 , V 2 , and V 3 are vectors that define the triangle region in which V * is located. T 1 , T 2 and T 3 are the corresponding vector durations and T s is the sampling time. In a three-level inverter similar to a two-level inverter, each space vector diagram is divided into 6 sectors. For simplicity here only the switching patterns for Sector A will be defined so that calculation technique for the other sectors will be similar. Sector A is divided into 4 regions as shown in Fig.3 where all the possible switching states for each region are given as well. SVPWM for three-level inverters can be implemented by using the steps of sector determination, determination of the region in the sector, calculating the switching times, T a , T b , T c and finding the switching states. If α is between 0° ≤ α < 60°, then V * will be in Sector A, If α is between 60° ≤ α < 120°, then V * will be in Sector B,
If α is between 120° ≤ α < 180°, then V * will be in Sector C, If α is between 180° ≤ α < 240°, then V * will be Sector D, If α is between 240° ≤ α < 300°, then V * will be Sector E, If α is between 300° ≤ α < 360°, then V * will be Sector F.
B. Determining the region in the sector
For that;
(a) (b) 
C Calculating the switching times, T a , T b , T c
T a , T b , T c switching times for Sector A is given in Table. 2. Fig.7 shows Simulink model of the whole system including a three-phase induction motor load. "Sector Determination" block in Fig.7 calculates α and amplitude of the command vector V * according to the demand inverter output frequency and modulation index. Then, the sector is found using by the value of α. "m 1 and m 2 Calculation" block is used to calculate m 1 and m 2 vectors using (2-4). "Region Determination" block in Fig.7 obtains the region in which the vector falls into according to rules given in Subsection B. "SVPWM" block calculates the switching times according to Table. 2 and generates SVPWM signals as explained in Subsection D. "Inverter" block represents the three-phase inverter model using ideal switches. Induction motor is modeled as shown in Fig.7 with three separated blocks. However, R-L load model is not shown here. The motor parameters are given in Appendix. 
IV. SIMULATION RESULTS FROM THREE-LEVEL INVERTER
Simulation results have been taken for various operating conditions feeding a passive load for R=100Ω and L=0.1H. Switching frequency of 1kHz was used in the model. DC link voltage of the cascade inverters was taken as 500V.
Simulation results shown in Fig.8 through Fig.10 have been obtained for modulation index of 0.65 and output frequency of 10Hz. Fig.8 illustrates output line voltage of the inverter (V ab ) which is applied to an R-L load. As can be seen the output voltage waveform has five levels. Corresponding three-phase line currents are shown in Fig.9 . Although 1kHz of switching frequency is used the current waveforms have sinusoidal shape. This is one of the most important advantages of multilevel inverters. The line voltage waveform and its frequency spectra are demonstrated in Fig.10 . As can be seen the output voltage waveform has main harmonic at 10Hz. The other harmonics are around switching frequency. The simulation has been repeated for an output frequency of 50Hz and modulation index of 0.7.
The results for the line output voltage and current waveforms are given in Fig.11 and Fig.12 , respectively. Fig.13 illustrates the line output voltage waveform and its spectra. The harmonics appear around the switching frequency and its multiples beside the main harmonic. Simulation has been repeated for an induction motor load. Fig.14 shows three-phase motor currents fed by the threelevel inverter at 10 Hz output frequency. Modulation index is taken as 0.65 considering constant v/f steady-state operation. All motor results have been taken at no-load condition. Corresponding line voltage and motor speed and torque waveforms are given in Fig.15 and Fig.16 , respectively. Similar results are shown in Fig.17 and Fig.18 for an output frequency of 50 Hz. Fig.19 and Fig.20 illustrates three-phase motor currents and motor speed and torque waveforms for an output frequency of 65 Hz. V. CONCLUSIONS
The space vector PWM algorithm for a three level voltage-fed inverter using cascaded H-bridges inverter has been modelled and simulated using Simulink/MATLAB package program. Simulation results have been given for both R-L and induction motor loads using 1kHz switching frequency with various output frequencies. The proposed control algorithm used in the three-level inverter can be easily applied to multilevel inverters with more than three levels. It has been shown that high quality waveforms at the output of the multilevel inverter can be obtained even with 1kHz of low switching frequency. 
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